Background-Elevated serum inflammatory marker levels are associated with a greater long-term risk of cardiovascular events. Because 3-hydroxy-3-methylglutaryl coenzyme-A reductase inhibitors (statins) may have an antiinflammatory action, it has been suggested that patients with elevated inflammatory marker levels may have a greater reduction in cardiovascular risk with statin treatment. Methods and Results-We evaluated the association between the white blood cell count (WBC) and coronary heart disease mortality during a mean follow-up of 6.0 years in the Long-Term Intervention With Pravastatin in Ischemic Disease (LIPID) Study, a clinical trial comparing pravastatin (40 mg/d) with a placebo in 9014 stable patients with previous myocardial infarction or unstable angina. An increase in baseline WBC was associated with greater coronary heart disease mortality in patients randomized to placebo (hazard ratio for 1ϫ10 9 /L increase in WBC, 1.18; 95% CI, 1.12 to 1.25; PϽ0.001) but not pravastatin (hazard ratio, 1.02; 95% CI, 0.96 to 1.09; Pϭ0.56; P for interactionϭ0.004). The numbers of coronary heart disease deaths prevented per 1000 patients treated with pravastatin were 0, 9, 30, and 38 for baseline WBC quartiles of Ͻ5.9, 6.0 to 6.9, 7.0 to 8.1, and Ͼ8.2ϫ10 9 /L, respectively. WBC was a stronger predictor of this treatment benefit than the ratio of total to high-density lipoprotein cholesterol and a global measure of cardiac risk. There was also a greater reduction (Pϭ0.052) in the combined incidence of cardiovascular mortality, nonfatal myocardial infarction, and stroke with pravastatin as baseline WBC increased (by quartile: 3, 41, 61, and 60 events prevented per 1000 patients treated, respectively). 
levated serum inflammatory marker levels have been associated with a greater risk of cardiovascular events in many epidemiological and clinical studies. 1, 2 Such associations have been observed with multiple markers of the inflammatory response, including the acute-phase reactants C-reactive protein and serum amyloid A, proinflammatory cytokines, cellular adhesion molecules, and white blood cell count (WBC). 1, 2 The prognostic importance of inflammatory marker levels persists after adjustment for other cardiovascular risk factors (including serum lipid levels) and has been demonstrated in general populations, patients with stable cardiovascular disease, and patients after acute myocardial infarction. 1, 2 It has been proposed that both serum lipid levels and C-reactive protein levels should be measured routinely to improve the targeting of preventive treatments. 3 The potential advantage of this approach may be more accurate estimation of cardiovascular risk. 4 An alternative possibility is that elevated serum inflammatory marker levels may identify individuals more likely to derive a greater relative benefit from some treatments. In post hoc analyses from randomized clinical trials, the relative risk reduction in subjects randomized to a 3-hydroxy-3-methylglutaryl coenzyme-A (HMGCoA) reductase inhibitor (statin) 5, 6 or to aspirin 7 appeared to be greater in those with increased serum levels of C-reactive protein. This possibility is also consistent with the observation that C-reactive protein levels decrease with statin treatment, 8 -11 suggesting that statins act in part by modifying the inflammatory response.
The aim of the present study was to determine whether a higher WBC predicted a greater treatment benefit from pravastatin in subjects with known stable coronary heart disease (CHD) who participated in the Long-Term Intervention With Pravastatin in Ischemic Disease (LIPID) Study. 12 
Methods
The LIPID Study was a randomized, placebo-controlled clinical trial of cholesterol-lowering treatment with pravastatin involving 9014 Australians and New Zealanders. 12 Men and women 31 to 75 years of age with a history of acute myocardial infarction or hospitalization for unstable angina within the previous 3 months to 3 years were eligible for enrollment. Exclusion criteria included significant illness during the previous 3 months, unavailability for long-term followup, significant cardiac failure (New York Heart Association class III or IV), and treatment with lipid-lowering drugs. After a run-in phase, patients with a fasting total serum cholesterol level in the range of 4.0 to 7.0 mmol/L (155 to 271 mg/dL) and a serum triglyceride level of Յ5.0 mmol/L (Յ445 mg/dL) were randomly assigned to receive either pravastatin (40 mg/d) or a matching placebo. All patients received dietary and general lifestyle advice. Patient care was otherwise under the direction of their usual doctors.
WBC was measured at the local laboratory before randomization, after 1 and 5 years of follow-up, and at the end of the study. Serum levels of total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides were measured at a central laboratory. Baseline data and a previously described multivariate model 13 were used to calculate a "global risk score" for each patient to rank the risk of CHD mortality or nonfatal myocardial infarction. Independent predictors of risk used to calculate the global risk score were total and HDL cholesterol levels, age, gender, smoking status, myocardial infarction or unstable angina as the qualifying event, previous coronary revascularization procedures, diabetes mellitus, hypertension, and previous stroke.
Information on deaths, myocardial infarction, and stroke was obtained from hospital records, death certificates, autopsy reports, and physicians' notes and was reviewed by the Outcome Assessment Committee, which was blinded to the patients' treatment allocation. As in the LIPID Study, 12 the primary end point of this analysis was CHD mortality. In addition, an expanded end point that included cardiovascular mortality, nonfatal myocardial infarction, and nonfatal stroke was used. Cardiovascular mortality was defined as death from a cardiac cause, from cerebrovascular disease, or from peripheral vascular disease. Hospital admissions for unstable angina or coronary revascularization procedures during follow-up were documented but not reviewed by the Outcome Assessment Committee.
Patients were randomized between June 1990 and December 1992, and final patient follow-up visits occurred during 1997. The vital status of all but 1 patient was ascertained.
Statistical Analysis
All analyses in this study were performed on an intention-to-treat basis, and probability values were 2 sided. Estimates of relative risk reduction and 95% CIs were made with the Cox proportional-hazard model. 14 Assessment of variation between subgroups in the effects of treatment on all outcomes was based on tests of trend for interaction in the Cox model. All probability values reported in the tables were unadjusted for multiple comparisons.
Analyses of the associations between WBC and outcomes were adjusted for baseline risk factors identified previously by Marschner et al. 13 Relative risks were based on hazard ratio (HR) estimates with 95% CIs. Tests of trend for baseline risk factors were based on 2 tests. Table 1 shows the patients' baseline demographics, cardiovascular risk factors, and clinical measures of cardiovascular disease stratified by WBC quartiles. Subjects with a higher WBC were more likely to be current or ex-smokers, to be obese, or to have diabetes, a low HDL cholesterol level, or a high serum triglyceride level. They were also more likely to have clinical evidence of more severe cardiovascular disease, including previous stroke, previous myocardial infarction, and symptoms of angina, dyspnea, and claudication. There was a weak association between an increased WBC and hypertension, but there was no association between WBC and LDL cholesterol level, previous smoking, age, gender, or country of residence.
Results

Clinical Characteristics Stratified by Baseline WBC
Association Between WBC and Cardiovascular Outcomes
For every increase of 1ϫ10 9 /L in baseline WBC, there was a progressive increase in CHD mortality (HR, 1.15; 95% CI, 1.10 to 1.19; PϽ0.001; Table 2 ). This increase in risk was observed for both sudden CHD mortality (HR, 1.12; 95% CI, 1.06 to 1.18; PϽ0.001) and nonsudden CHD mortality (HR, 1.19; 95% CI, 1.12 to 1.26; PϽ0.001). A higher WBC was also associated with increased risks of nonfatal myocardial infarction (HR, 1.09; 95% CI, 1.05 to 1.13; PϽ0.001) and stroke (HR, 1.10; 95% CI, 1.05 to 1.16; PϽ0.001). The strength of these associations was only partly accounted for by the association between WBC and other predictors of cardiovascular risk ( Table 2 ). The rates of hospitalization for unstable angina and referral for coronary revascularization procedures during follow-up did not increase as the WBC increased. Table 3 shows the associations of baseline WBC with CHD mortality and with the combined risk of cardiovascular mortality, nonfatal myocardial infarction, and nonfatal stroke in both treatment groups. The increase in CHD mortality observed with an increase in the WBC was greater in patients randomized to placebo than in those randomized to pravastatin (interaction Pϭ0.004 for trend). After adjustment for all other baseline predictors of mortality, including serum lipid levels, this association remained significant in the placebo group, as did the interaction between WBC, pravastatin treatment, and CHD mortality. The increase in the combined risk of cardiovascular mortality, nonfatal myocardial infarction, and stroke observed with an increase in WBC was also greater in patients randomized to placebo than in those randomized to pravastatin. These associations were not influenced by the time from the qualifying event to measurement of WBC at the baseline visit. Table 4 shows the risk of CHD mortality in both treatment groups stratified by quartiles of WBC, ratio of total to HDL cholesterol, and global risk score. The absolute mortality reduction observed with pravastatin increased progressively as the baseline WBC quartile increased (Pϭ0.017). In contrast, neither the ratio of total to HDL cholesterol (Pϭ0.4) nor global risk score (Pϭ0.6) predicted a greater absolute reduc-tion in mortality with pravastatin treatment. Table 5 shows the combined risk of cardiovascular mortality, nonfatal myocardial infarction, and stroke in both treatment groups stratified by quartiles of WBC, ratio of total to HDL cholesterol, and global risk score. There was a trend toward a greater overall reduction in these events with pravastatin as the baseline WBC quartile increased (Pϭ0.09). Figure 1 shows the cumulative CHD mortality rate, and Figure 2 the cumulative cardiovascular event rate during 6 years of treatment with pravastatin compared with placebo in patients with WBC above and below the median value (7.0ϫ10 9 /L) for the study population at the baseline assessment. Figure 3 shows the median WBC of both treatment groups at baseline, after 1 and 5 years of follow-up, and at the end of the study. On average, WBC decreased between the baseline 
Cardiovascular Event Rates Stratified by WBC and Treatment Allocation
Comparison With Other Indicators of Cardiovascular Risk
Change in WBC During Pravastatin Treatment
Discussion
In this large randomized clinical trial of patients with a history of myocardial infarction or hospitalization for unstable angina, the reduction in CHD mortality observed with pravastatin treatment was greater in patients with a higher baseline WBC than in those with a lower baseline WBC.
Patients with a higher WBC had a higher absolute risk of sudden or nonsudden CHD mortality during a mean follow-up period of 6 years. In addition, the findings support the hypothesis that pravastatin may decrease the risk of CHD mortality by some action on inflammatory pathways. Our finding that an increased baseline WBC was associated with diabetes, obesity, hypertriglyceridemia, and a low HDL cholesterol level is consistent with previous observations that inflammation is part of the metabolic syndrome. 15 WBC was also associated with other predictors of CHD mortality, including smoking and clinical evidence of more severe cardiac, cerebrovascular, and peripheral vascular disease; however, the interaction between WBC and the treatment benefit of pravastatin persisted after adjustment for these and other conventional risk factors, although confounding from other factors that were not measured cannot be excluded. In addition, the beneficial effect of pravastatin on CHD mortality did not increase with an increase in the risk score calculated from multiple baseline variables. 13 These observations suggest that WBC provides additional information on the likely benefit of statin treatment beyond that obtained from an assessment of absolute cardiac risk.
Although previous clinical trials have not assessed WBC as a predictor of statin treatment benefit, several studies have assessed the predictive value of C-reactive protein in this setting. In the Cholesterol and Recurrent Events Study, 6 elevated levels of the inflammatory markers serum amyloid A and/or C-reactive protein were associated with an increased risk of cardiac mortality or nonfatal myocardial infarction during follow-up in patients randomized to placebo but not in 
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those randomized to pravastatin. In contrast, the risk of coronary events in patients without elevated inflammatory marker levels was similar in the placebo and pravastatin treatment groups. In the Air Force/Texas Coronary Atherosclerosis Prevention Study, 5 subjects with a below-average LDL cholesterol level combined with an above-average C-reactive protein level had a significant reduction in acute coronary events if randomized to lovastatin rather than placebo, whereas the event rates did not differ significantly between treatment groups in subjects with below-average levels of both LDL cholesterol and C-reactive protein. Nonrandomized cohort studies 16, 17 have also suggested that the reduction in cardiovascular mortality observed with statin treatment is greater in patients with higher C-reactive protein levels.
In the present study, WBC was not decreased by pravastatin treatment. This suggests that an increased WBC is a marker for increased cardiovascular risk related to inflammation but that serial measurements of WBC would not be useful for assessing the treatment efficacy of statins. Previous studies have demonstrated that statins (including pravastatin) reduce serum C-reactive protein levels. 8 -11 It has been suggested that the greater benefit observed with some high-dose Cumulative cardiovascular events (cardiovascular mortality, nonfatal myocardial infarction, and stroke) during 6 years of treatment with pravastatin vs placebo in patients with baseline WBC above or below median value (7.0ϫ10 9 /L) for the study population at the baseline assessment.
statins after an acute coronary syndrome may be related to a greater reduction in C-reactive protein levels. 18 Statins may have additional antiinflammatory effects. By inhibiting HMG-CoA reductase, they decrease synthesis of isoprenoids, which have multiple functions related to cell membrane signaling. Statins have also been reported to reduce binding of leukocytes to intercellular adhesion molecule-1 by directly inhibiting the main ␤ 2 integrin, 19, 20 and they have additional immunomodulatory effects not related to inhibition of HMGCoA reductase. 19 It is not known whether WBC and C-reactive protein level predict cardiovascular risk by common or different pathways. The association between elevated C-reactive protein levels and cardiovascular events may be related to the degree of coronary plaque inflammation and instability 21 ; however, in the present study, there was no association between an increased WBC and subsequent hospitalization for unstable angina or coronary revascularization. This suggests that the WBC may not be associated with an increased rate of progression of CHD. Previous studies have described an association between an increased WBC, measured early after hospitalization for myocardial infarction, and an increased risk of heart failure, cardiogenic shock, and cardiac mortality. [22] [23] [24] WBC increases with time from symptom onset to presentation with acute myocardial infarction, suggesting that it is influenced by the inflammatory response to myocardial necrosis. 25 The present study provides evidence that an increased WBC measured 5 months to 3 years after myocardial infarction or unstable angina is also associated with a greater long-term cardiovascular risk.
The ratio of total to HDL cholesterol was chosen for this analysis because it was the strongest lipid predictor of coronary events in the LIPID Study 26 ; however, the reduction in CHD mortality and cardiovascular events with pravastatin treatment was similar in patients with higher and lower ratios of total to HDL cholesterol. This finding is consistent with those of other large statin trials in which the relative risk reduction was similar in subjects with high, average, and low LDL cholesterol levels. [27] [28] [29] In the present study, there was no association between WBC and LDL cholesterol, which is consistent with studies that found no association between C-reactive protein and LDL cholesterol. 4 -6 These observations are consistent with the hypothesis that WBC and LDL cholesterol level influence cardiac risk by different pathways.
This study has a number of limitations. Because the analysis was post hoc and multiple comparisons were undertaken, the possibility of a statistically significant but spurious interaction resulting from chance cannot be excluded. It is not clear why the interaction between baseline WBC and the treatment benefit of pravastatin was strong for CHD mortality but weaker for the combined end point of cardiovascular mortality, nonfatal myocardial infarction, and stroke. These observations are novel, and the explanation for them is uncertain, but they have important implications for clinical practice. They therefore need to be confirmed by analyses from other large statin trials. The LIPID Study excluded patients with a baseline total cholesterol level of Ͻ4.0 or Ͼ7.0 mmol/L (Ͻ155 or Ͼ271 mg/dL), and the predictive power of serum lipid levels and WBC might be different in a population that included the full range of cholesterol levels. Because the white blood cell differential was not available for this analysis, it was not possible to determine which component of WBC was most important for predicting CHD risk. C-reactive protein levels also were not available for the present analysis, and further studies are needed to compare the predictive values of the WBC, C-reactive protein levels, and other inflammatory markers. The use of inflammatory markers to target statin treatment may have more relevance in the general population than in patients with known CHD, for whom the benefits of statins are widely accepted. Additional information from primary prevention trials is needed to strengthen the hypothesis that inflammatory markers should be used to target statin therapy in persons without known CHD. 30 In conclusion, the findings of this study suggest that patients with evidence of inflammation, including an increased WBC, may obtain a greater benefit from statin therapy. Figure 3 . Mean WBC at baseline, after 1 and 5 years of followup, and at end of study (median, 6.0 years) in patients randomized to pravastatin vs placebo. The 95% CI bars for pravastatin treatment group are offset to right of each time point.
